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High-speed automated 
inspection of IC packages 
for hidden internal defects 
by Tom Adams 
Failures of plastic packaged ICs can result from either one of two causes: chip-level defects or 
internal packaging defects. Chip-level defects are readily identified by electrical tests, but 
packaging defects (delaminations, disbands, cracks, voids, and the like) often cause no 
immediate electrical disruption and therefore cannot be detected by electrical tests. A die 
face delamination, for example, may be both undetected and harmless until it expands 
as a result of thermal cycling and causes a field failure. 
w 
hatever kind of electronic 
device, In economic terms, 
hidden packaging defects 
are particularly dangerous because a 
widespread but unsuspected efect 
can lead to a large number of field 
failures. The value of the equipment 
affected by the failure is, of course, 
often hundreds or thousands of times 
greater than the value of the single 
failed IC. Many manufacturers sample 
production with an acoustic micro- 
scope in order to find hidden packa- 
ging defects, and particularly those 
tip-of-the-iceberg defects which in- 
dicate the presence of a similar 
defect affecting hundreds or thou- 
sands of other IC packages. Acoustic 
microscopes, though, have tradition- 
ally been laboratory instruments, not 
designed for high-volume operation. 
On occasion, though, manufac- 
turers have used acoustic micro- 
scopes  to  per fo rm batch  
reclamation - that is, to screen 
thousands of IC packages after a 
widespread packaging defect has 
been discovered. In these emergen- 
cies there are typically two goals, to 
prevent production shutdown and to 
separate out all defective packages. 
With improvisations uch as the 
acoustic imaging of several parts at 
one time (feasible only if the parts 
arc small) and an emergency 24-hour 
Figure 1: JEDEC trays are unloaded from stack at left, conveyed through scan head area at cen- 
ter, and are restacked at right. Acoustic image of whole tray is displayed along with other data 
on monitor at far right. 
screening schedule, failure analysts 
using laboratory instruments have on 
occasion achieved a throughput rate 
of a few hundred parts hour. While 
this rate is often fast enough to solve 
an immediate problem, it is not 
feasible for long-term operation or 
for true highvolume inspection. 
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A new form of acoustic micro- 
scope, called FACTS 2 by Sonoscan 
(Bensenville, IL, USA), its developer, 
achieves about 15 times the max- 
imum throughput of a laboratory 
instrument, and is automated for 
unattended operation. It is designed 
to inspect thousands of plastic-pack- 
: 
Figure 2: Acoustic image of JEDEC tray shows that two PQFPs in this tray are defective (large red 
areas). Defect trends are plotted by X-Bar-R chart, upper left. 
aged 1Cs without removing them 
from their JEDEC trays. Compatible 
part types include PQFPs, PCCs, 
TSOPs, LCCs, SOICs, DIPs, BGAs, and 
manv others. 
At each end of the system is a tray- 
handling elevator. The two elevators 
are connected by a tray conveyor 
which carries each tray through the 
acoustic scanning apparatus. A tray of 
IC packages is unloaded from the 
first elevator, fed through the scan- 
ner where the tray is imaged, and 
then loaded onto the second eleva- 
tor. The capacity of each elevator is 
20 Ib of trays; fi)r TSOPs, this amounts 
to about 35 trays. The speed of 
imaging is one tray in about 2 
minutes 30 seconds (or 150 sec- 
onds); imaging of a TSOP tray holding 
12 x 13 rows of parts (156 parts 
total) thus proceeds at a rate slightly 
faster than one part per second. 
Larger parts, because they have a 
larger area to be scanned, take long- 
er. A tray of 24 PQFPs, 3 x 8 rows, 
also requires 150 seconds, or about 6 
seconds per package. The system can 
thus inspect about 3000 TSOPs or 
about 500 PQFPs per hour. 
The system uses reflection-mode 
ultrasound at frequencies from 10 to 
50 MHz. Very fast electronic ontrols 
alternately switch the scan head from 
transmission (where it beams ultra- 
sound into the package) to reception 
(where  it rece ives  the return  
echoes). The scan head in labora- 
tory-type ref lect ion-mode instru- 
ments operates in the same way, 
with one important difference. La- 
boratory instruments are slower be- 
cause the scan head must pause over 
an individual IC package to scan back 
and fi)rth over the length of the 
package. 
The high-speed system, by contrast, 
scans back and forth over the entire 
area of the tray; it handles the entire 
tray as though it were a single huge 
IC package. While it is scanning, 
software recognizes the location of 
each IC packages in the incoming 
data stream, and analyzes the data 
from each package. The system also 
uses a new and unusually fast scan 
head. 
Ultrasound beamed into the part is 
reflected differently by intended in- 
ternal features and by defects. As 
u l t rasound is being propagated 
through the IC package at speeds 
ranging from 3000 m/sec to 9000 m/ 
see, it encounters various interfaces. 
The ultrasound first reaches the 
interface between the molding com- 
pound and the die face; slightly later, 
it reaches the interface between the 
die and the die attach material; later 
stiR, it reaches the interface between 
the die attach material and the die 
paddle. Each of these interfaces 
reflects some of the ultrasound back 
to the scan head, and propagates 
some of the ultrasound to the deeper 
levels of the package. In this way the 
die, lead frame, and other internal 
structures are imaged acoustically. 
Hidden defects, however, consist of 
gap-type features such as delamina- 
tions, disbonds, cracks, and voids. 
These features react very differently: 
they reflect all of the ultrasound back 
to the scan head. This is why acoustic 
microscopes are so efficient at find- 
ing internal defects, and why correla- 
tions of acoust ic  imaging with 
destructive physical analysis (section- 
ing) invariably show 100% agree- 
ment. 
Since the return echoes are sepa- 
rated in time according to depth, the 
system software can electronically 
gate the return echoes in order to 
image, for example, only the inter- 
face between the molding compound 
and the die - a logical choice if die 
face delaminations are known to be 
the most significant likely defect. 
Gating can also be broadened to 
encompass a thicker vertical section 
(from the dic face to the bottom die 
attach interface, for example). For 
some package types, imaging the very 
bottom of the package (generally thc 
molding compound beneath the lead 
frame) is difficult, not because of 
material thickness but because of the 
number of interfaces encountered. 
With the addition of a second trans- 
ducer, which serves only to receive 
ultrasound emitted by the top trans- 
ducer, the entire thickness of the IC 
package is imaged - a valuable 
technique when the site at which 
an internal defect is likely to occur is 
not known. Inspection speed is the 
same whatever vertical parameters 
arc chosen; TSOPs proceed through 
the system at about 1 per second 
even if the entire thickness of the 
package is being imaged. 
Output from the system takes 
several forms. The monitor displays 
an acoustic image of the current ray, 
showing each IC package, including 
defects; this inaage is much like the 
output from a laboratory microscope, 
except that it displays an entire tray 
and does so at high speed. An on- 
screen X-Bar-R chart plots defects 
over a selected range; generally this 
range is large (the most recent 
several hundred trays, for instance) 
in order to highlight defect trends. 
Tray images are saved, along with 
data from which a variety of further 
charts and spreadsheets can be pro- 
Conc luded on page 44. 
